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APPARATUS, SYSTEM AND METHOD TO
INDICATE IN-VIVO DEVICE LOCATION

PRIOR APPLICATION DATA

The present application 1s a continuation application of
prior U.S. application Ser. No. 10/585,131 filed May 29, 2007
now U.S. Pat. No. 8,206,285 which 1s a national phase appli-
cation of International Application PCT/1L2004/001182,
entitled “APPARATUS, SYSTEM AND METHOD TO
INDICATE IN-VIVO DEVICE LOCATION” filed on Dec.
29, 2004, which 1n turn claims priority from U.S. provisional
application Ser. No. 60/533,262, filed on Dec. 31, 2003,
entitled “APPARATUS, SYSTEM AND METHOD TO

INDICATE IN-VIVO DEVICE LOCATION?, all of which
are incorporated by reference 1n their entirety.

FIELD OF THE INVENTION

The present mvention relates to 1n-vivo devices and sys-
tems, methods, and apparatuses that help locate 1n-vivo
devices side a body.

BACKGROUND OF THE INVENTION

Known devices may be helpful 1n providing in-vivo imag-
ing, diagnosis, treatments etc. For example, autonomous 1n-
vivo devices, such as swallowable capsules, may move
through a body lumen, collecting data as they move along.
This data may be transmitted to an external reception device,
and processed by a processing unit, to help, for example,
determine 1n-vivo parameters. It would be highly advanta-
geous to have a system or method to help indicate the location
of an 1n-vivo device.

SUMMARY OF THE INVENTION

There 1s provided, in accordance with some embodiments
of the present invention, an apparatus, system, and method for
indicating 1n-vivo device location within a body. According to
one embodiment of the invention there may be provided, in an
in vivo device at least an imager, a primary illumination
source to provide illumination for the imager, a dedicated
illumination source, a detector to collect light and a processor
to, based on signals from the detector, determine a location of
the 1n-vivo device.

According to a further embodiment of the invention there 1s
provided a method for indicating in-vivo device location
within a body. The method according to one embodiment of
the 1nvention comprises the steps of transmitting light,
optionally from behind an optical window 1n an 1n-vivo sens-
ing device, receiving reflected light by a detector and deter-
mimng the location of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The principles and operation of the system, apparatus, and
method according to the present mvention may be better
understood with reference to the drawings, and the following
description, it being understood that these drawings are given

tor 1llustrative purposes only and are not meant to be limiting,
wherein:

FIG. 1 1s a schematic illustration of an i1n vivo device and

imaging system according to one embodiment;
FIG. 2 1s a schematic illustration of an in vivo device

according to some embodiments of the present invention; and
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FIGS. 3A and 3B are flow charts illustrating methods for
in-vivo location 1ndication according to some embodiments

of the present invention.

It will be appreciated that for simplicity and clarity of
illustration, elements shown 1n the figures have not necessar-
1ly been drawn to scale. For example, the dimensions of some
ol the elements may be exaggerated relative to other elements
for clarity. Further, where considered approprate, reference
numerals may be repeated among the figures to indicate cor-
responding or analogous elements throughout the serial
VIEWS.

DETAILED DESCRIPTION OF THE INVENTION

The following description 1s presented to enable one of
ordinary skill in the art to make and use the imvention as
provided 1n the context of a particular application and its
requirements. Various modifications to the described embodi-
ments will be apparent to those with skill 1n the art, and the
general principles defined herein may be applied to other
embodiments. Therefore, the present invention 1s not
intended to be limited to the particular embodiments shown
and described, but 1s to be accorded the widest scope consis-
tent with the principles and novel features herein disclosed. In
the following detailed description, numerous specific details
are set forth in order to provide a thorough understanding of
the present invention. However, it will be understood by those
skilled 1n the art that the present mvention may be practiced
without these specific details. In other instances, well-known
methods, procedures, and components have not been
described 1n detail so as not to obscure the present invention.

Some embodiments of the present invention are directed to
a swallowable 1n-vivo device that may be used for recording
in vivo data, for example from the entire or part of the length
of the gastroimntestinal (GI) tract, and transmitting recorded
data to a recerving and/or processing unit. Other embodi-
ments need not be swallowable or autonomous, and may have
other shapes or configurations. According to some embodi-
ments the 1n vivo device may include an 1image sensor, how-
ever, other sensors may be used. The system and method of
the present invention may be used with or in an 1maging
system such as that described in International Publication
Number WO 01/65995, entitled “A Device and System for
In-Vivo Imaging”, international publication date Sep. 13,
2001, international filing date Mar. 8, 2001. A further
example of an 1maging system with which the system and
method of the present mvention may be used 1s described in
U.S. Pat. No. 5,604,531 to Iddan et al., entitled “In-Vivo
Video Camera System”, filed on Jan. 17, 1995. Both these
publications are assigned to the common assignee of the
present application and are hereby incorporated by reference.
Furthermore, recerving, storage, processing, and/or display
systems suitable for use with embodiments of the present
invention may be similar to embodiments described in WO
01/65995 and/or 1n U.S. Pat. No. 5,604,531. Of course,
devices, systems, structures, functionalities, and methods as
described herein may have other configurations, sets of com-
ponents and processes etc.

Embodiments of the device are typically autonomous and
are typically self-contained. For example, the device may be
capsule shaped or otherwise shaped, e.g., 1n a peanut shape,
where all the components are substantially contained within a
container or shell, and where the device does not require any
wires or cables to, for example, recetve power or transmit
information. The device may communicate with an external
receiving and display system to provide display of data, con-
trol, or other functions. For example, power may be provided
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by an internal battery or a wireless receving system. Other
embodiments may have other configurations and capabilities.
For example, components may be distributed over multiple
sites or units. Control information may be received from an
external source.

Retference 1s now made to FIG. 1, which 1s a schematic
illustration of an 1n-vivo imaging system 100, according to an
embodiment of the invention. System 100 may include, for
example, an 1n-vivo device 10, which may be, for example, a
swallowable capsule. Device 10 may be an imaging device,
and/or may include non-imaging capability.

According to one embodiment of the present invention,
in-vivo device 10 may include, for example, one or more
detection units and/or detectors 30, for example i1llumination
detectors. According to some embodiments of the present
invention, in-vivo device 10 may include a set of energy
output units or sources such as one or more dedicated 1llumi-
nation sources 43. System 100 may include a data reception
unit 12 to receive at least 1n-vivo device data, and a data
processor 14 to process at least in-vivo device data. System
100 may further include a displaying apparatus, such as a
monitor 16, to display at least in-vivo device data. For
example, data reception unit 12 may receive the data from
in-vivo device 10, and may thereafter transfer the data to a
data processor 14, and optionally a data storage unit 19. The
data may be displayed on monitor 16. Data reception unit 12
may be separate from the processing unit 14 or combined with
it. Data processor 14 may be, for example, associated with a
personal computer or workstation, and may include, for
example, a processor memory etc. Data processor 14 may be
configured for real time processing and/or for post processing
to be viewed or otherwise displayed at a later date. Units 14,
16 and 19 may be integrated 1nto a single unit, for example a
workstation 13, or any combinations of the various units may
be implemented. Of course, other suitable components may
be used.

Device 10 as depicted in FIG. 1 may be capsule shaped, and
may be easily mnserted (e.g., by swallowing) and passively
passed through the entire GI tract, pushed along, for example,
by natural peristalsis. Nonetheless, 1t should be appreciated
that device 10 may be of any shape and size suitable for being,
inserted 1nto and passing through a body lumen or cavity, such
as spherical, oval, cylindrical, etc. or other suitable shapes.
Furthermore, device 10 or various embodiments that may
include at least some components of device 10 may be
attached or aifixed on to an instrument that 1s iserted mto
body lumens and cavities, such as, for example, on an endo-
scope, laparoscope, stent, needle, catheter efc.

Reference 1s now made to FIG. 2, which 1s a schematic
illustration of an in-vivo device, e.g., a swallowable capsule,
according to an embodiment of the present invention, which
may be adapted to indicate in-vivo device location within a
body. According to one embodiment of the present invention,
device 10 may include at least one 1llumination source, for
example one or more primary illumination source(s) 23 such
as, a white Light Emitting Diode (LED) and/or an Organic
LED (OLED) or any other suitable i1llumination source for
illuminating a body lumen; an imager 24, such as, for
example a CMOS imaging camera, a Charge Coupled Device
(CCD), or any other suitable 1maging device; and an optical
system 22 including, for example, a lens, which may focus
images onto 1mager 24. According to some embodiments of
the present invention, primary 1llumination source 23 may
provide 1llumination for the imager 24 and/or may illuminate
the inner portions of a body lumen through at least one optical
dome or window 21. Device 10 may include a transmitter 26
and an antenna 27 for transmitting signals and/or data

10

15

20

25

30

35

40

45

50

55

60

65

4

received from at least imager 24, and a power source 25, such
as, for example, a battery (e.g., a silver oxide battery, etc.) or
any other suitable power source that may provide power to the
clectrical elements of device 10.

According to one embodiment of the present ivention,
device 10 may include a processor and/or controller 28, for
example, an ASIC (Application Specific Integrated Circuit)
controller, optionally located within transmitter 26, or within
any other component of device 10, to enable processing of
recorded data and/or to control device 10. Optionally, in one
embodiment, transmitter 26 may 1nclude a processing unit or
processor or controller, for example, to process signals and/or
data generated by imager 24 and or detector 30. The optional
processing unit may include, for example, a Central Process-
ing Unit (CPU), a Dagital Signal Processor (DSP), a micro-
processor, a controller, a chip, a microchip, a controller, cir-
cuitry, an Integrated Circuit (IC), an ASIC, or any other
suitable multi-purpose or specific processor, controller, cir-
cuitry or circuit. Device 10 may 1nclude a processing unit
separate from transmitter 26 that may, for example, contain or
process mstructions. Transmitter 26 may operate using radio
waves, but in some embodiments, such as those where the
device 10 1s or 1s included within, for example, an endoscope,
transmitter 26 may transmit via, for example, a wire-based
channel or another suitable method. In-vivo device 10 may
include an 1imaging system for obtaining images {from inside
a body lumen, such as the GI tract, or may have no such
imaging system. Other structures, components, and/or com-
binations of components may be used.

According to some embodiments of the present invention,
device 10 may 1nclude one or more detectors 30, for example
illumination or light level detectors. Detectors 30 may be
dedicated to non-1maging tasks, such as detecting light levels
rather than collecting images. According to one embodiment
of the present mnvention the detectors 30 may be placed, for
example, at a location(s) on, embedded in, or towards the
outer shell of device 10, or at any other location of device 10,
such that a portion of 1llumination generated by primary light
source(s) 23 or other light source(s) and reflected or remitted
from 1n-vivo objects or lumen walls etc. to detector 30 may
not be received through optical dome or window 21, for
example, the device’s optical window e.g. the device’s pri-
mary optical window, and thus not fall on 1imager 24. For
example, according to one embodiment of the present mven-
tion, when the sides of device 10, 1 the vicinity of detector
30, are close to or touching the cavity or lumen walls (e.g.,
device 10 1s passing through a relatively small, typically
tube-like cavity), light emitted by primary illumination
sources 23 may not substantially illuminate lumen walls or
in-vivo objects 1n the area from which light may be retlected
to detector 30. When the sides of device 10, 1n the region of
detector 30, are not substantially close to the cavity or lumen
walls (e.g., device 10 1s passing through a relatively large
cavity), light emitted by the primary illumination sources 23
may 1lluminate lumen walls or 1n-vivo objects in the area from
which light may be reflected to detector 30. In this way
detector 30 may detect light from the primary illumination
sources 23 when device 10 1s traversing a relatively large
lumen, and may not detect substantial light from the primary
i1llumination source 23 when device 10 1s traversing a rela-
tively small lumen. Thus detector 30 1s preferably not adja-
cent to 1llumination sources.

According to one embodiment of the present ivention,
device 10 may include one or more dedicated 1llumination
source(s) 43, which may be placed, for example, at one or
more locations towards the outer shell of device 10. Accord-
ing to some embodiments of the present invention, the dedi-
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cated 1llumination sources 43 may be placed on the sides or at
any other location of device 10, such that light generated by
i1llumination source 43 and reflected from 1n-vivo objects or
lumen walls etc. to detector 30 1s not substantial when device
10 1s passing through, for example, a narrow cavity. In one
embodiment, while primary illumination source(s) 23 are
behind the optical window or dome 21, along with imager 24,
dedicated illumination source(s) 43 and detector(s) 30 are not
behind the optical window or dome 21. Thus imager 24 col-
lects images using light from illumination source 23, and the
level of light incident on detector 30 varies based on whether
detector 30 and/or dedicated 1llumination source 43 15 cov-
ered by, e.g., a lumen wall.

Other types of energy output units or sources, other than the
dedicated 1llumination sources 43, may be used. For example,
One or more energy sources outputting, for example, acoustic
energy or electric energy may be used; i1 so, corresponding
appropriate energy recerving units (e.g., electrodes, acoustic
detectors, etc.) may be used. While 1n one embodiment the
energy producing units and energy receiving units are paired
(e.g., dedicated 1llumination source 43 1s paired with detector
30), 1n other embodiments, such pairings need not be used.
For example, one energy unit such as a dedicated 1llumination
source may provide 1llumination, and a set of detectors placed
an appropriate distance apart may receive retlection data.

In an alternate embodiment other light sources, separate
from a primary light source (e.g., light sources 23), may
operate via optical dome or window 21, but may be config-
ured to not be primary illumination sources. One or more
detector(s), for example, imager 24, may be located 1n any
suitable location 1n device 10 so as to receive 1llumination
data from dedicated illumination sources 43 after being
reflected off an 1n-vivo object or lumen wall etc. (and possibly
passing through window 21). According to one embodiment
of the present mvention, imager 24, may be used for other
imaging functions for device 10, or may be wholly or partially
dedicated to detection of 1llumination generated by dedicated
illumination source(s) 43. For example, imager 24 may
include a certain number of pixels 1n, for example, an unused
or little used portion of an 1imager. Alternately, according to
some embodiments of the present invention imager 24 may be
placed closer to the dedicated 1llumination sources 43, or to a
path of light from the dedicated i1llumination source(s) 43.

In some embodiments device 10 may have one or more
optical windows 21, with associated imaging or other suitable
components. According to one embodiment of the present
invention, detector 30 may enable determination of ambient
light 1n a lumen, resulting, for example, from the retlection of
light from the primary light sources 23 off a lumen wall.
According to some embodiments of the present mvention,
detector 30 may be, for example, a CMOS camera, a CCD, a
photodiode, or any other suitable light detector or imaging,
device. Detector 30 may be similar to imager 24, and in some
embodiments detector 30 may replace imager 24. In further
embodiments, an 1imager such as imager 24, may both provide
in-vivo 1mages and perform the functions of detector 30. In
some embodiments, detector 30 may be a simple light level
meter (e.g., a photodiode), not recording 1mages.

According to some embodiments of the present invention,
when device 10 travels mn-vivo through a relatively small
diameter lumen, for example, such that the lumen walls are 1n
close vicinity to the shell 20, which envelopes in-vivo device
10, and 1n close vicinity to detector 30, detector 30 may
receive minimal or negligible reflected light or other electro-
magnetic information from 1llumination sources such as the
primary illumination source(s) 23 and/or the dedicated illu-
mination source(s)43. When device 10 travels through or into
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a relatively large diameter lumen (e.g., the stomach relative to
the esophagus, the large intestine relative to the small intes-
tine), or passes into or out of a relatively large space (e.g., mnto
or out of the body 1tself) for example, such that a lumen wall
1s not necessarily 1n close vicinity to shell 20, light from
primary 1llumination source(s) 23 and/or the dedicated illu-
mination source(s) 43 that reflects off the lumen walls (e.g.,
ambient light) may be wholly or partially received by detector
30.

According to some embodiments of the present invention,
the movement of device 10 from a large space to a relatively
small space may affect the amount of electromagnetic energy
recorded by detector 30. Thus, after not having receirved
reflected light at detector 30 (or receiving a certain amount of
light, or light below a threshold), when detector 30 receives
light (or recerves a different amount of light, or light above a
predetermined threshold), for example, data from detector 30
may trigger transmission of a signal to indicate that device 10
1s located within a substantially larger diameter lumen. Addi-
tionally or alternatively, according to some embodiments of
the present invention, data from detector 30 may trigger (for
example via a separate controller or processor) transmission
of a signal to indicate that device 10 1s located within a
substantially smaller diameter lumen when, for example,
detector 30 stops recerving light or starts receiving substan-
tially less light.

In other embodiments, after detecting a status change 1n
light received by detector 30, for example, after receiving
substantially more light to detector 30, and/or recerving less
or no light to detector 30, a controller (e.g., controller 28,
transmitter 26 11 1t includes control or processing capability,
or another suitable unit) may receive and process the data
from detector 30, and may trigger one or more events to occur
within device 10, by one or more components of device 10.
According to some embodiments of the present invention,
controller 28 may be the main processor/controller of in-vivo
device 10 or it may be dedicated to detector 30 or to any other
sub-systems. According to one embodiment of the present
invention, another processing unit, such as transmitter 26,
may be associated with detector 30. For example, controller
28 or another processing device may imtiate sending of a
signal and/or execution of an event 1n response to a status
change 1n the light received by detector 30. In other embodi-
ments, an 1mager such as imager 24 may collect light level
data. According to one embodiment of the present invention,
the imager 24 may 1ndicate movement of device 10 from one
area to another, for example from a relatively small diameter
lumen into a larger diameter lumen affects by, for example
measuring the amount of light received by 1mager, and/or
illumination changes.

According to some embodiments of the present invention,
detector 30 may enable provision of an indication as to an
in-vivo device location 1n a body, for example based on dii-
ferent measurement as described above. For example, detec-
tor 30 or information received from detector 30, such as light
level information, may indicate when device 10 has passed
out of the small intestine (e.g., where the walls may be i close
vicinity to device 10) and has moved into the large intestine,
which has a larger diameter. Similarly, information from
detector 30 may, for example, provide an indication as to
when device 10, for example, has passed out of the stomach
and moved on to the small intestine, or has left the esophagus
and moved 1nto the stomach eftc.

Examples of events that may be triggered following an
indication by device 10 of a location change of device 10 may
include, for example, commanding device 10 to transmit
images after device 10 provides an indication that 1t has




US 8,540,623 B2

7

reached the colon; instructing device 10 to deliver medication
or take samples etc. at one or more selected times and/or
locations; istructing device 10 to start or finish events due to
the indication given; instructing device 10 to change opera-
tion mode, etc. Other examples may include, for example,
changing the focus of imager 24, changing the lighting from
light sources 23 and/or 43, releasing a chemical, starting data
transmission, shutting down or pausing imaging or other
function, and 1nitiating or ceasing 1n-vivo sensing by one or
more sensing devices (e.g., pH sensor, temperature sensor,
etc.). Other suitable mode changes or operations may take
place. For example, device 10 may be controlled according to
the location indication, thereby enabling energy saving for
device 10, for example, by 1nitiating events or ceasing events
according to the progress of device 10 through the GI tract.
Other events or operations may be triggered.

According to some embodiments of the present invention,
detector 30 may transmit signals relating to light detection to
controller 28, for example, ASIC controller, or any suitable
data processing unit. Controller 28 may receive these signals
and determine from the receirved signals, for example, by
comparing the signals with prior received signals, whether or
not there has been a status change 1n the light received by
detector 30, for example, according to a pre-determined
threshold. In the case where a status change 1n light received
by detector 30 has been determined (e.g., substantially more
light 1s received, or substantially less light 1s recerved), con-
troller 28 may trigger a signal indicating, for example, a
location change of device 10. The signal may be sent to any
device 10 components, or may be transmitted to one or more
receiving units outside device 10, by, for example, transmitter
26. According to one embodiment of the present invention,
controller 28 may additionally or alternatively trigger an
event, for example, in device 10, or 1n an external device such
as, for example, data processor 14. According to one embodi-
ment of the present mvention, light status change may be
determined according to the changes 1n quantity and/or qual-
ity of light received to detector 30. In an alternate embodi-
ment data such as raw data or filtered data from detector 30 or
another suitable light detection component (e.g., an 1mager)
may be transmitted to an external device (e.g., data processor
14), where a status change such as movement between differ-
ent sized lumens may be determined. Such data may be trans-
mitted, for example, via transmitter 26.

Reference 1s now made to FIG. 3A, which 1s a flow chart
depicting a method for indicating 1n-vivo device location
within a body, according to some embodiments of the present
invention. At block 300, a lumen may be i1lluminated for
example by transmitting light {from behind an optical window
in an 1n-vivo sensing device, for example from a primary light
source 23. At block 305, light reflected to one or more detec-
tors, for example positioned so as not to detect light through
the device’s main optical window, may be detected. At block
310, signals received from reflected light may be processed.
At block 312 1t may be determined whether there has been a
change or substantial change 1n the quality and/or quantity of
light received by the detector. At block 315 1f there 1s no
substantial change in the quality and/or quantity of light
received, as determined according to a pre-determined
threshold, the in-vivo device may continue functioning as
betfore. At block 320, 11 there 15 a change 1n the quality and/or
quantity of light recerved, for example as determined accord-
ing to a pre-determined threshold, the mn-vivo device may
send a signal to a reception unit, processing unit, and/or a
user/operator etc. At block 3235, if there 1s a change 1n the
quantity and/or quality of light received, for example, as
determined according to a pre-determined threshold, a user or
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operator of the in-vivo device may initiate and/or terminate
one or more events. Additionally or alternatively, at block
330, if there 1s a change 1n the quantity and/or quality of light
received, for example, as determined according to a pre-
determined threshold, a user or operator of the 1n-vivo device
may change a mode of operation. The 1itiating or terminat-
ing of events, and/or changing of operation mode etc., of the
in-vivo device may be implemented by a user or operator of
the device, or by the device processor or alternative controller.
Any combination of the above steps may be implemented.
Further, other steps or series of steps may be used. For
example, the steps of determining if a light pattern or level has
changed to determine a position change may be performed by
a processor external to the body based on signals transmitted
from the 1n-vivo device.

According to another embodiment of the present invention,
at block 312 1t may be determined 11 the light being detected
1s above or below a predetermined threshold. According to
this determination the device or components of the device
may be made to continue operation (block 315) or to send a
signal (block 320) or to 1nitiate or terminate an event (block
325) or change a mode of operation (block 330) or any other
suitable operation according to embodiments of the inven-
tion. The in-vivo device, for example, without the interaction
of a user or operator, may implement these operations or other
suitable operations. For example, an imaging device, such as
described above, may be ingested, swallowed, or otherwise
inserted by a patient. Upon swallowing, while the device 1s 1n
the patient’s esophagus and relatively little light (e.g., under a
predetermined threshold) reaches the devices detector the
imager of the device may be 1maging at a high frame rate.
When the imaging device reaches the patient’s stomach a
relatively large amount of light may be detected by a detector
in the device and as a result the frame rate may be lowered.
Various other mode changes may occur. When the device
enters the small 1ntestine from the stomach the amount of
light detected by the detector may again be below a predeter-
mined threshold and as a result the main 1llumination of the
device may be intensified. Other steps and operations are
possible.

Reference 1s now made to FIG. 3B, which 1s a flow chart
depicting a method for indicating in-vivo device location
within a body, according to some embodiments of the present
invention. Embodiments of the method may be, for example
implemented using at least one 1llumination source posi-
tioned on the sides of device 10 or at any other location of
device 10, such that light discharged for example through the
dedicated illumination source(s) 43 which illuminates
objects (for example, lumen walls), may not be reflected off
the object or lumen wall and may not be detected by, for
example 1imager 24, when device 10 1s traversing a small
diameter lumen. However, the method may be implemented
using other 1n-vivo devices having other suitable structures.

At block 350, a lumen may be 1lluminated for example by
transmitting light from one or more 1llumination sources such
as the dedicated illumination source(s) 43 which, for example
may be positioned at the sides of an 1n-vivo device or other-
wise suitably positioned. At block 355, the light reflected off
the 1mn-vivo objects or lumen walls etc. to one or more light
detectors, for example 1imager 24, may be detected. At block
360, signals recerved from reflected light may be processed,
for example, by processor 28 or other suitable processing
units. At block 365, if there 1s no substantial change 1n the
quality and/or quantity of light recewved, as determined
according to a pre-determined threshold, the in-vivo device
and/or an external processing or recerving system may con-
tinue functioning as before. At block 370, 11 there 1s a change
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in the quality and/or quantity of light received, for example as
determined according to a pre-determined threshold, a user or
operator of the 1n-viva device may send a signal to a reception
unit, processing unit, and/or a user/operator etc. In the case
where a user and/or operator receive a signal or data, the user
and/or operator may provide an instruction to 1nitiate or ter-
minate an event in the mn-vivo device or in other system
components.

At block 375, 11 there 1s a change 1n the quality and/or
quantity of light recerved, for example, as determined accord-
ing to a pre-determined threshold, a user or operator of the
in-viva device may 1nitiate and/or terminate one or more
events. Additionally or alternatively, at block 380, if there 1s a
change 1n the quality and/or quantity of light received, for
example, as determined according to a pre-determined
threshold, a user or operator of the in-viva device may change
a mode of operation of the device and/or an external system.
The mitiating or terminating of events, and/or changing of
operation mode etc. of the mn-vivo device may be imple-
mented by a user or operator of the device, or by the device
processor or alternative controller. Any combination of the
above steps may be implemented. Further, other steps or
series of steps may be used. For example, the steps of deter-
mimng if a light pattern or level has changed to determine a
position change may be performed by a processor external to
the body based on signals transmitted from the in-vivo device.

According to another embodiment at block 362 it may be
determined if the light being detected 1s above or below a
predetermined threshold. According to this determination the
device may be made to continue operation (block 365) or to
send a signal (block 370) or to initiate or terminate an event
(blocks 375 and 380 respectively) or any other operation
according to embodiments of the invention. The in-vivo
device, for example, without the interaction of a user or
operator, may implement these operations or other suitable
operations.

According to some embodiments of the present invention,
the 1n-vivo motion detection may be implemented using at
least one detector 30 and at least one dedicated 1llumination
source 43; both being positioned substantially separately
from the primary illumination source(s) 23 and the imager of
the m-vivo device 10. For example, the detector(s) 30 may be
placed so as to detect light that 1s substantially retlected from
an 1n-viva object or lumen wall etc., the light having emanated
from the dedicated illumination source 43. For example, the
dedicated illumination unit(s) 43 may be placed so as to
generate light that substantially illuminates an 1n-vivo object
or lumen wall etc. not using optical window 21 (e.g., detector
may be located on one or more sides of in-vivo device 10). In
this way, for example, 1n a small diameter lumen, the detector
may not recerve light or may only receive light under a certain
threshold, while 1n a large lumen, the detector may receive
light above a certain threshold.

According to some embodiments motility of the GI tract
may be determined by measuring received light, according to
embodiments of the invention. Typically, contractions of the
lumen wall around the device may result 1n a reduced amount
of light remitted from the lumen wall or otherwise changed
quantity or quality of remitted light. According to some
embodiments fluctuations in received light may indicate the
motility pattern of the lumen being examined.

The foregoing description of the embodiments of the
invention has been presented for the purposes of 1llustration
and description. It 1s not intended to be exhaustive or to limait
the invention to the precise form disclosed. It should be appre-
ciated by persons skilled 1n the art that many modifications,
variations, substitutions, changes, and equivalents are pos-
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sible 1n light of the above teaching. It 1s, therefore, to be
understood that the appended claims are intended to cover all
such modifications and changes as fall within the true spirit of
the invention.

The invention claimed 1s:

1. An in-vivo system comprising:

an autonomous 1n vivo device, the device comprising:

a primary light source, to illuminate a body lumen for

imaging, positioned behind an optical window;

an 1mager, positioned behind the optical window;

a dedicated light source, not positioned behind the optical

window, to 1lluminate the body lumen; and

a processor to, based on signals from the 1mager generated

based on reflection of light emitted by the dedicated light
source, determine an indication of movement from a first
lumen having a first diameter to a second lumen having
a second diameter based on the imager detecting less
light in the lumen where the lumen walls are closer to the
outer shell.

2. The system of claim 1, wherein the lumen walls are
closer to the outer shell when the device 1s 1n one of the first
lumen and the second lumen.

3. The system according to claim 1, wherein the first diam-
cter 1s a relatively small diameter and the second diameter 1s
a relatively large diameter.

4. The system according to claim 1, comprising a controller
to recerve signals from the imager and to trigger an event to
occur within the in-vivo device.

5. A method for operating an in-vivo system, the method
comprising;

in an autonomous 1n vivo device:

via a primary light source positioned behind an optical

window,

illuminating a body lumen for imaging;

capturing images via an imager positioned behind the opti-

cal window;

illuminating the body lumen for locating the 1n vivo device

using a dedicated light source, not positioned behind the
optical window; and

collecting reflected light using a detector; and

indicating a movement from a first lumen having a first

diameter to a second lumen having a second diameter
based on the detector detecting less light 1n the lumen
where the lumen walls are closer to the outer shell.

6. The method of claim 5, wherein the detector 1s config-
ured to recerve light from a body lumen wall.

7. The method of claim 5, wherein the lumen walls are
closer to the outer shell when the device 1s 1n one of the first
lumen and the second lumen.

8. The method of claim 5, wherein the detector 1s selected
from the group consisting of: a CMOS, a CCD and a photo-
diode.

9. The method of claim 5, wherein the 1mager comprises
the detector.

10. The method of claim 5, comprising triggering an event
to occur within the 1n-vivo device based on signals from the
detector.

11. An mn-vivo system comprising:

an autonomous 1n vivo device, the device comprising:

a primary light source, to illuminate a body lumen for
imaging, positioned behind an optical window;

a dedicated light source, not positioned behind the optical
window, to 1lluminate the body lumen for locating the in
vivo device; and

a detector, not positioned behind the optical window, to
collect reflected light; and
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a processor to, based on signals from the detector indicat-
ing a movement from a first lumen having a first diam-
cter to a second lumen having a second diameter based
on the detector detecting less light in the lumen where
the lumen walls are closer to the outer shell. 5

12. The system according to claim 11, wherein an event 1s

triggered to occur within the 1n-vivo device based on signals
from the detector.

12
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